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Abstract: [Objectives] The physiological and ecological characteristics associated with the basal metabolic
rate (R,,) of birds correlate closely with their geographic distribution. In order to understand the
ecophysiological characteristics of the Little Curlew Numenius minutus in the Wenzhou area, we measured
their body temperature (T,) and metabolic rate (R, metabolic rate was expressed as ml of O, consumed per h),
and calculated their thermal conductance (C) at ambient temperature (T,) from 5 to 42.5 ‘C. [Methods]
Metabolic rate (ml/h) was estimated as the rate of oxygen consumption in an open-flow respirometry system

(TSE, Germany). Basal metabolic rate was calculated for each individual as the average of 10 lowest
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consecutive oxygen consumption recordings (about 5 min) (Fig. 1). Thermal conductance [ml/(g-h-‘C)] was
calculated at each temperature using the formula: C = R /(T -
(Row/predicted Ry,)/(C/predicted C). All data were analyzed by SPSS (version 21.0). The effects of ambient

T.). F value was calculated as F =

temperature on body temperature, metabolic rate, and thermal conductance were analyzed using repeated
measures ANOVA. The metabolic rates at different ambient temperatures were directly compared using
independent sample t-test. Linear, or exponential, models were fitted where appropriate to describe the
relationship between metabolic rate or thermal conductance and ambient temperature. All results were
expressed as the mean = SE, and P < 0.05 was taken to be statistically significant. [Results] There was no
significant difference in initial body temperature over an ambient temperature range of 5 - 35 °C, as Little
Curlews could maintain their body temperature at 42.8 + 0.1 C (Fig. 2). There was, however, a significant
variation in final body temperature over the same temperature range. The mean body temperature reached 43.7 C
when the ambient temperature was 42.5 ‘C (Fig. 2). The thermal neutral zone was 27.5 - 40.0 ‘C, and the
mean metabolic rate within the thermal neutral zone was 221.31 £ 6.01 ml/h, accounting for 141% of the
expected value based on the bird’s body mass (Fig. 3). Below the lower critical temperature, metabolic rate
increased with declining ambient temperatures, and the relationship between metabolic rate and ambient
temperature could be described as R, (ml/h) = 587.10 - 11.78 T, (C). Ata 5 - 27.5 ‘C ambient temperature
range, the thermal conductance was 0.11 + 0.00 ml/(g-h-C), representing 212% of the expected value based
on the bird’s body mass (Table 1). However, the thermal conductance increased exponentially from 27.5 C
to 42.5 C as described by the equation g C [ml/(g-h-"C)] = 0.070 + 0.006 T, (Fig. 4). The F value was 1.21.
[Conclusion] The findings suggested that Little Curlews were able to adapt to the environment by
implementing a relatively high level of basal metabolic rate, wider thermal neutral zone, high body
temperature, and intensity of chemical thermoregulation. These properties would enable the birds to readily
acclimate to their environments and survive in relatively cold areas.
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AR 77 R A2 i S )0 A 5 0 B AT A=
TERE I I B EARAR, 2 B8 2 R T s2m,
Hor i fZ e BRI 52— (McNab 2009,
Zhou et al. 2016, Swanson et al. 2017, Cui et al.
2019), FHAHRETZE (basal metabolic rate, Ryy,)
AFRERSNE AR B SRR HARESR
A NYEFRR IR A FNLRE T 75 F /D REE S,
5520 W) ) A BRI AT R RRAE A % U B R

(McKechnie et al. 2004), XFHWFFAHTF A
TR B P AR AR P (1) B SR, DRI 32
FIAMASERMLR AR SR E‘th‘ii?%‘ijr_
(Zheng et al. 2008, Swanson et al. 2017). #
4 [X (thermal neutral zone) ZFE1HILZIY) TX

AR FEFERIACT B = A I A Sk v] DA4EHF IR
IR ISR B2 VG L (Willmer et al. 2005), F
i JE R AR B0t PR i B ()38 S AR AR . #4
5 (thermal conductance, C) JENL{AiEIL4E
Uy BT XRRI 28 k55 U7 sUBUIR R RE
(Aschoff 1981), S Elii 7L 304 af Lhod i 4
P B 1 0T B O R i, AT S AL =
(Schmidt-Nielsen 1997).

FUHARH SN S IR T 26 g A% (R
THRE, XL T ARG LA AC U 2 152
i (Hudson et al. 1996). IR AN FIHFF0 R B 52K
FERRACUH 3 5 AR TE LR AR B SR AR SRR R
SRR E VL CEFEMNEH., K. TH
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JNEWIEE ) (Weathers 1979, Swanson et al. 1999,
Brigham et al. 2006, McKechnie 2008, McNab
2009, FUTAESE 2021), filln, AiHTEFEAIR
B ) B R B AR R R, T AR VR RN
O YD I B R ) 5 2 il AR 3R R
(Tieleman et al. 2002); &M &A1 A
AU R I BRI R AR, an R A
FAE B WA T B, T R A AR R RIG
(Kvist et al. 2001, Zheng et al. 2013). }4h,
5 a1 AR % (McNab 1988,
Bozinovic et al. 2007), WUAFIF. KL NEH
i JE1Y (Emberiza chrysophrys) FIZLH45 IR 1
( Zosterops erythropleurus) B4 %5 e L it it
FK; DIEHCAEREE (Garrulax canorus) Al
IR (Leiothrix lutea) A 2 I AH
ST (Liu et al. 2005). X ELHF 7L 45 F KM,
B9 TR AU 2 A2 B A 00 ] 9B 1) AR PR
fE, AT DA B S0 BB 1) 3 WA AR A A7 g
71 (McKechnie 2008, McNab 2009, Swanson
etal. 2017).
/NS (Numenius minutus) J& T8 H
(Charadriiformes) #5#} (Scolopacidae), F %
S T B B VR B S i, DA/, /N
MEBRAH T GRIEFT 2001). 7E5 &L
HB R AR WA A S Hh S5, BN e P T
P RF) I G 3564 (MacKinnon et al. 2000) .
INRITSAE TR E e S, i e s AR Th EdE N 5
TR BERVT. WL, #RER)T ARG, fER
MIHLIX RS 6L 2017, XIBHEE 2021).
R TN T S 2R R AR I A
T AARANRIES AR = RERAE, FRATIE T AN
BRI LS T /IS AR AU 2, DU
R FEAS [F A2 37 S SRR ) 1 SRAR U R AR 2
GRS

1 eSS FE
1.1 SEXHEl

2017 % 3 HEZTHEHENTTLAEIMNT
(27°29' N, 120°51' E) fi#E8] 6 Rkt plifk

ARG, TPHIPREN (1463 +3.3) g (1352~
156.8 g) o ¥/NIBSARICSE 28 (60 cm x 50 cm
x 40 cm) WFETIRM KSR %=, EAR
W, FiRFYR (20£1) C (17~22 TC)
B T H IS IR FIEROK,
N1 G, TE5.0 ~42.5 CiuE AE AR
FU 2SS A B AR
1.2 ARIRAREZEW 2

fAJE (body temperature, Ty) K FIE#E0
7R E i (Oakton, Eutech A, ¥rhndk,
FERE 0.1 °C) WM o ARSI 54 I BE v
NS HEE I N 20 2.0 em Ab, AR R %L
o Je e HAH

ARYZE (metabolic rate, R,,) LAEALAL (8]
FARERR (m/h). FEREXHABAAS
S H7{X (Phenomaster, TSE A &], fE=[E) Ml
TE o /INITSNARFUA 3.6 L BRI = P, 5K
3610 FRER AT NaOH MRS I =5 P ) 7K 43 Al
CO, (FRBRZE 20100, AN TSfEF (BIC-300,
FIRA ], E B FH iR, &R
FE R EEHIE £ 05 CUAN (FULH#%
2021). FLEHE 5. 10, 15, 20, 25. 27.5. 30.
32.5. 35. 37.5. 40 Al 42.5 CHy 12 HiE
B, &R 22:00 B 2K HER 4:00 B 3E47
AU 2RI E o« SEISHTR D HIBSEE R 6 h, K
NIPIR S Y E M. 1 h J5 BEFS S min id3% 1 KFE
Ao, JLE 4 h (Wu et al. 2015), #%F
5210 NMES. FE B R ARE T E AR &
(1),
1.3 PMEFHITE

B AmAHEREFEARX: C = Ry
(Ty - To) (Aschoff 1981), iHHAFANEEE S/
Pt T, L, C AR (minimum
thermal conductance), AN ml/(gh-C), R,
AW, B mih, T, HEER CC), T, &
IR (ambient temperature) (°C ).
1.4 ERIARWEREETE. EIRRNEE
WHEAE & F EE

PG Aschoff 25 (1970) I it 53
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Fig. 1 An example of oxygen consumption in Little
Curlew Numenius minutus under resting conditions
P rpbRi A AL G 23 s FT T SR 26 1 5 B 10 Mg S
HfH.

Red line indicates 5 to 10 stable and continuous values used to

calculate metabolic rate.

AR IR E TG, Rom=0.03177W7, K
H, Rym AFERCHTIER (Jh), WAKE (g) .
AL T 1R E A E AR Aschoff (1981) A
X C=0947W P FEATIHE, b, C R
&S [ml/(g-h-'C)], W AKE (g . FAEMT
BB McNab (1970) A X : F =
(Row/Rom ) / (C/Caw) 5 FH, Ry F1 C 43
A EEARAR U 2 AN AL FRISTIE, Ry sonfll
C s> )72 Aschoff Z£(1970)F1 Aschoff(1981)
AR ETIAE . 2, FAER TR 1.0
E S & 28 BT AR IR A 686 /) (McNab
1970).
1.5 it

FIH SPSS(21.0 Mt A Gt v A4 AL A1 Origin
(6.1 JRAS) BAE5 BIHEAT AHOR G A BRI 22
Pl o AN [ PR s 20 2 T A . AR R A A
S ZEREHESNETTZ 28 (repeated
measure ANOVA). WZH 2 [R5 ) 2= =14
KT REA t 4560 . Wi H e A BRI T
U=, SRR ERKESHZ MTZE
SRR EVE R, R EEX . AR X
KR E N T iIm SR B (lower critical

temperature ), # i= M 5 I BE O Bl SRR

(upper critical temperature). X FAHAfEL T
X PR BGRB[0 A3 A SO i PASE
f + FrifEi% (Mean + SE) £/R, P < 0.05 ff
WNEREZE .

2 4R
21 1k

SEIG MBS AR IR IE A 4R E 2, T
N (427 +£0.1) C (39.5~43.8 C). fESL5
HE 5.0 ~ 42,5 CHIVERIN, NMIBSIIARER KR
A B EZA (Fiyss=9.303, P<0.001) (& 2),
LIABEIR N 42.5 CH, HARIRIAE] 43.7 C.
FERPEX N, IR FAE N 1.21.
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Fig. 2 Changes of body temperature with ambient

temperaturein Little Curlew Numenius minutus

22 R@E (R, M#HAPHX

TESZIGIRIE 5.0 ~ 42.5 CHITEREN, /M
AR R AE L (Fyy 55 = 43.919, P <
0.001) (/& 3), 7ESLIRHRE 27.5 ~40.0 CiEf]
W, Sl A IR R T B = R (P>
0.05), HEZFLTHEREAN 25.0C (P <
0.05) F142.5°C (P<0.05) B HIALHI=R, 27.5~
40.0 CYEREA/IMIEERIFRYEX, Hr, 275 C
F140.0 C A N F Tl SRR EE A FIG S5 A o
TE IR X P, ZNFIS AR 2R Ak T B AR K
HOPME N (221.31+6.01) ml/h, 244k
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fHI) 141% (58 . 18T 27.5 Cif, R
Bl PR SRR B BRI 3 . 7E 5.0 ~ 27.5 °C,
RFE (R, m/h) SHTRE (T,, C) 2
W AAH O, [BIH TR Ry, = 587.10 - 1178 T,
(r=-0.874, P<0.001) (& 3).

R1 MIBHEEZSHE
Tablel Parametersof energeticsin Little

Curlew Numenius minutus

e RS NI
Parameters of energetics Numenius minutus

FEAZY Sample size 6
A Body mass (g) 146.3
{35 Body temperature (‘C) 427
a 587.10
b - 11.78
r -0.874
FEAfAC I % Basal metabolic rate (ml/h) 221.31
FERLA AR E U A 141
Expectation ratio of basal metabolic rate (%)
Tl AR Lower critical temperature ('C) 27.5

[ I LR EE Upper critical temperature (C) 40.0
#4% T Thermal conductance [ml/(g-h-C)] 0.11
it Gk EH LA 212

Expectation ratio of thermal conductance (%)

r SR B PRI L AR AR 56 A 5 R AR AU At
SR A TR LA 53 3 4 . Aschoff 4 (19700 F1 Aschoff (1981)
AR RETWILLE = CEUE/IED x 100%.

r is correlation coefficient of regression between metabolic
rates (Ry) and ambient temperatures (T,): Ry=a + b T,; Expectation
ratio of basal metabolic rate and thermal conductance predicted by
the appropriate equation of Aschoff et al. (1970) and Aschoff (1981),
respectively. Expectation ratio (%) = (observed/predicted) x 100%.
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Fig. 3 Changes of metabolic rate with ambient
temperaturein Little Curlew Numenius minutus
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B L B R AE B (Fy 55 =20.862, P<
0.001) (& 4). /MIBSTE 5.0 ~ 27.5 CHI#f%
FRACH AR ARE, P38 (0.11 £ 0.00)
ml/(g-h-C), RREHHIAER 212% (K 1. 7E
SERGIR P 27.5 ~ 42,5 CHIFEREIN, #uft SEEHR
BiRER A A, HRXRKXA: 1g C
[ml/(g-h-°C)] = 0.070 + 0.006 T,. 435 &
F & 425 C, #HAEFEH (2.09 £ 043)
ml/(g-h-C) (& 4),
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Fig. 4 Changesof thermal conductance with ambient

temperaturein Little Curlew Numenius minutus
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31 EAHRBREM X

FERIA G 2 2 FR N 4R 40 B ) 5 BE VRN
FOE ML R /N REE SO, AT E A g
B EE g (McKechnie 2008) . Rezende
45 (2002) F1 McNab (2009) Ay, &2IEH;
USSR RV VIFHOC . 20 FE X HL PR
BRI EEIRAR, 104 S AR A 4 S AU T I
ECORHIHk i, BY & 2R 245 & Be & A B =
BRI ™= B e ) AH N 4E R AR =K, AT s
KT () A U 26 B S Bk T 5 R IR A 5
(R B (M Sh ka2 2004, ZRE5%5 2005,
Swanson et al. 2017). GIAETELERR E L5 1%
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JEILEZS (Prundla montandla), HAREHR
RETHER 168% (MIFFa%E 2004). T4
T TEARES B2 X (1) 5 SR IE AR ACUR 2 AT AT AR L
Ko BARMEEARARER 2 0] LA BRI &,
FFH bR 1 (Wikelski et al. 2003), [F]
IR 26 255 1 [X 5 288 (PR BE At A 56 i ke R A
1) hE i S AR AR TS S5 22 (slow pace of
life) (Wiersma et al. 2007). &4 Aschoff %5
(19700 HIA, FATRLE T KEWH K
FEUR AT RN R B SR U ZE KR S Ak = Tl
Eefli (R 2), AILLEH, &R 5 AR
P R N TR o R =i R A
Ho TEXTITHE S SEAMAC U 2 I e A I,
IR 2 EHE T AL T A& TR 77 B 526, LAl
AU A R M X 22 57, BI7E B AR =
AR (Kvist et al. 2001, Wiersma et al.
2007). UbAh, WHTURIL, FERIAER S KES
IEHEAR DRI ZE T AR AL, 3 AR (Dendroica
coronata) 7 Z ) ALEHE 1) 3k A o LR pR S Aith
AR Rk A = o 31% (Swanson et al.
1999) . /MIESAER EOMEAETE 538, ASLEg
/NG B SR At A U 2R AR E T ) 141%,
e ) EERC R T e 5 AT HEA G,
TERR X Y, AR 25 IR IR R 6 0%
(Schmidt-Nielsen 1997) o B I I Stz 5 Al
BT B B I X B IE B FE VA T L ALRRAIE
NI R PEX R 27.5 ~40.0 C, FAFTEX
B, frEAuT SRS KT IEFRE N
27.5 'C, mTATE (Bombycillagarrulous)
(18.0 ‘C) MK :k#Y (Emberiza spodocephala)
(20.0 C) (FHE%F 2005). 15725 (Prunella
rubeculoides) (22.2 C) (XBAZLZE 1990) A
JbZk% (Carpodacus rosecu) (22.5 ‘C) (Liu
et al. 2004) “EILT7 52K, (HALT# /R SF&
(Erythrura gouldiae) (31.7 ‘C) (Burton et al.
2003 ) F1 ¥ H R ( Alaemon alaudipes)
(32.7 C) (Tieleman et al. 2002) £ LRI Fhy
52k, F Ak (Pycnonotus sinensis )
(26.6 C) (Zhang et al. 2006) M kK JELl

% (Aegithalos concinnus) (28.8 °C) (Qiao et al.
2016) HHML. HI T ILAE & 20 ZHNINT A W AZ 1L
PIANFEIREE CE R, A igts s J A ),
/INFATRE T BB I R T I U R T e 2 X
FE & AN F IR 5 26 1F (Kvist et al. 2001,
Zheng et al. 2013, Swanson et al. 2017),
32 KRS

LR RIE /b AT S RS i RN
Prinzinger & (1991) 7E&45 T 1 001 FA AR
AN ERMMEEM L, IOV RETIERN |
17 AEETT AR A R R 7R oK, BRITAR
PR R, 1T e AR AR TR A X re A 2 1 A
RS FiAh, AR S SR H AR R I
HHEZES, WK H (Pelecaniformes) HJ*F
IR N 38.3 C, MEJEH (Anserifoemes) A
39.0 'C, S H (Galliformes) N 38.9 C,
7% H (Charadriiformes) 4 38.5 °C (Prinzinger
et al. 1991). ASEEGH, /KIS TR N
(42.8 + 0.10) C, AHXELE, X AR
2 B X m A AR EE YR RO . A AR
AREHLIX (R LI 5 2R AR ZE A0 T
A FEHLIX 2RI, AT DARE S Al it v 5 L
ZH R (Wikelski et al. 2003). 244 E
AERHE E , BT H = 3 (ARG 38D AR (34
f£5) Mz TH5 (Clarke et al. 2008). R
TiHA LU AE AN Bt SR LU 2 L (F 5D mTEL
S SRR T BE ). INRITSAE R PR X
(1) F B 1.21, U B A B BRI R T R T

T8 Aschoffs (1981) HIAI, ZhHIFA
& ST HoARd . AR SRR, PN
R AR R, P BRIt Re R A &R
P, RERCRANR 2, R EA AR S
#L 5 (Schmidt-Nielsen 1997) . — i #vis X
(1) S5 G AR e 5, AL T A R
[X 5 2 () Ffte S I AE O B AIK o AR SE IR 45 R B IR,
NPT #A% T /& Aschoff (1981) A Tl i {E
M 212%, @& T REILTT RN (E.
pusilla) FFEEY (E. rutil) CHRE 44K 3 T b
AN 138%F 140%). FiJE1IAEYS (A
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Table2 Comparison of observed and predicted basal metabolic rates of birdsin different habitats

Yok

Species

fRE

GRS

Body mass (g) Basal metabolic rate (ml/h) Expectation ratio (%)

T LA

EE PN

References

FEIRATHLIX. Cold and temperate region
#¢ 5 59 Emberiza chrysophrys
2L 45 R % Zosterops erythropleura
KT % Bombycilla garrulus
%3k 8 E. spodocephala
Jb4# Carpodacus roseus
#E48 Fringilla montifringilla
FIIER T4 Acanthis flammea
%4425 Prunella rubecul oides
FEFHE 42 Montifringilla ruficollis
£ H R Eremophila alpestris
TWER T A flaviostris
ZEEY Emberiza rutila
/MBS E. pusilla
Wk 411 Pluvialis apricaria
SIIfi Charadrius hiaticula
£MEAY C. dubius
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MLCAE Y 148%)  (KIEFASE 2004) , ALK
T SRR SR A CRH B EUAE 43 318 153%F0 157%)
(ZEER5E 2005), KT AfERKIL AR K
X BRI B (Leothrix lutea)  (HH N 1A
A LLE N 243%)  (Liu et al. 2005) , [
J& (Garrulax canorus) (AHM ELAE A 215%)
(Liu et al. 2005) #14E % (Lonchura
striata) (AHM EGAE A 200%) (Qiao et al. 2016)
AEAL, RBAPE R ATERE AR R S5 . FEMIRIR
£ 27.5 “CUAE, /NKIES ) F AL 5 B 155 0 P 1)
Fh R E RN, RS FAE S BT
WA EEEM. Shah, ARSI IER S
HBHIEZHPIN B, Weathers (1997) A,
HTHE AT, P 1 bR # it e PRI,
MNTTHAE R AL S 39 00, A R T 52 2= 1) B AR

BRMITHERAEEFER BRI, 7Y
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